(MAC) and atypical mycobacterial species not belonging to MAC. Only serotypes 1 to 6 and 8 to 11, designated M. avium, were detected by the assay, indicating that it can be used for the rapid detection and identification of M. avium. The results of the assay for clinical samples from animals suspected of having mycobacterial infections indicated that it can also be used directly on clinical samples.
Mycobacteria are widespread in nature and remain an important cause of infections in humans and animals worldwide (17, 18, 25) . Disease is most often associated with Mycobacterium tuberculosis and other bacteria of the M. tuberculosis complex (M. bovis, M. africanum, and M. microti). There is, however, an increasing incidence of opportunistic infections caused by other mycobacterial species that otherwise grow in diverse biotopes such as water, soil, and dust (5) . These infections are most commonly caused by mycobacteria belonging to the M. avium complex (MAC) (2) .
MAC includes M. intracellulare, M. avium, M. paratuberculosis, and mycobacteria from wood pigeons. M. avium and M. intracellulare are phenotypically indistinguishable, but 16S rRNA sequence analysis, which is considered to be a reliable phylogenetic tool (24) , has confirmed that some serotypes initially designated M. intracellulare (serotypes 4 to 6 and 8 to 11) are in fact M. avium (3) . M. paratuberculosis, the causative agent of a chronic proliferative enteritis in ruminants, has also been included in MAC. It could not be distinguished from M. avium by DNA homology studies (14) , and its 16S rRNA sequence is 99.9% identical to that of M. avium (13) .
M. avium serotypes 1, 2, and 3 and M. avium subsp. silvaticum, which are isolated from wood pigeons (8) (20) .
We used this assay on 20 serotypes of MAC, several other atypical mycobacteria, and clinical samples from animals with mycobacterial infections to study the potential of the test for the diagnosis of M. avium infections. Primers S (5'-GTCGAACGGAAAGGCCT-3') and P (5'-CCGAGAAA ACCCGGAC-3') were based on sequences from the 16S rRNA genes of M. paratuberculosis and M. avium (20) 1A) . Three microliters of amplified DNA was spotted onto Zetaprobe (Bio-Rad Laboratories, Richmond, Calif.), which was hybridized at 72°C for 2 h with a 32P-labeled internal probe (5'-CTCAAGACGCATGTCTTCTGGTGGAAAGCT llTTTGCGGT-3') in 0.5 M NaOH2HPO4 (pH 7.2) with 70 g of sodium dodecyl sulfate per liter (21) . This resulted in a positive hybridization signal for the M. avium strains of serotypes 1 to 6 and 8 to 11 and the strains from wood pigeons (Fig. 1B) . The M. intracellulare strains and M. bovis were negative after hybridization with the specific probe (Fig. 1B) . Furthermore, to test the specificity of the assay, DNAs from several mycobacterial species not belonging to MAC or the M. tuberculosis complex were tested (Table 1) . Although most strains gave an amplification product of the right size after agarose gel electrophoresis ( Fig. 2A) , these mycobacteria were all negative after hybridization with the internal oligonucleotide probe (Fig. 2B ). This is in accordance with 16S rRNA sequence analysis, because M. intracellulare, bacteria belonging to the M. tuberculosis complex, and other atypical mycobacterial species have different sequences in the area of the probe (3, 13) . Thus, the positivity of the assay had a perfect correlation with the presence of M. avium. Clinical and autopsy materials from different animals suspected of having mycobacterial infections were examined. Samples of approximately 500 mg of animal tissue (bone biopsy, liver, spleen) were put in a 1.5-ml screw-cap tube filled with 500 ,ul of water. To this, 500 jil of 10 mM Tris-1 mM EDTA (pH 8.0) (TE)-saturated phenol-chloroform-isoamyl alcohol (25:24:1) and 200 ,ul of 0.5-mm-diameter zirconium beads were added. The tube was placed in a Mini-beadbeater (Biospec Products, Bartesvilles, Okla.), which was shaken for 3 min at high speed. After centrifugation at 13,000 x g for 15 min, 100 ,ul of the supernatant was added to 900 ,ul of guanidine isothiocyanate wash buffer and 40 ,ul of activated silica (Sigma, St. Louis, Mo.), and the mixture was incubated for 10 min at room temperature. The supernatant was discarded and the pellet was washed twice with 1 ml of 70% ethanol and once with acetone. DNA was eluted in 100 pl of water. One microliter of eluted DNA was used in the PCR described above. For confirmation, the PCR products were spotted and hybridized with an internal probe as described above. The same samples were also tested by a PCR assay which is specific for the M. tuberculosis complex (6) . This PCR assay was performed (35 cycles, 1 min 95°C; 1 min 60°C; 2 min 72°C) as described above for the M. avium PCR with primers (5'-CGTGAGGGCATCGAGGTGGC-3' and 5'-GCGTAGGCGTCGGTGACAAA-3') derived from IS986 (9) for amplification of a fragment of 245 bp. After the PCR, fragments were spotted and hybridized at 55°C with a 32P-labeled IS986-specific probe (5'-TGGGTAGCAGACCT-CACCTA-3'). Agarose PCR (Fig. 3A) . Hybridization with the M. avium-specific probe of the spotted amplified products of clinical and autopsy materials also showed positive results, whereas no positive results were obtained after hybridization with the M. tuberculosis-specific probe (Fig. 3B) . The clinical and autopsy samples were also cultured onto Middlebrook 7H10 medium, and this resulted in the isolation of M. avium serotype 2 in all cases. In addition, to test the specificity of the assay on clinical material, lymph nodes and intestinal tissues from noninfected animals (specific pathogen free) were tested by the assay. The assay was negative with both tissues after agarose gel electrophoresis and after hybridization with the internal probe (Fig. 2) . In summary, we described the use of a rapid and specific test which was initially developed for the detection of M. paratuberculosis (20) but which is also suitable for the detection and identification of M. avium infections in animals. The assay is specific for M. avium, mycobacterial strains from wood pigeons, and M. paratuberculosis. The detection limit of this test is 1.3 x 10-13 g of DNA, the equivalent of about 20 bacteria (21) .
An assay based on the amplification of the mycobacterial dna-J gene and species-specific oligonucleotide probes has been described for M. avium, but this assay was not tested on different serotypes of M. avium (16) . Assays based on insertion elements, which have a very high specificity, have proven to be of use in the detection of M. tuberculosis (6) and M. paratuberculosis (22) . An insertion element, IS901, specific for M. avium has been described (7). However, not all M. avium strains, in particular those found in patients with AIDS, contain IS901 (7). The assay described in this report detects M. avium, including serotypes 1, 4, and 8, which are isolated from patients with AIDS (19) , and is also suitable for use in testing clinical samples, although only a limited amount of clinical material was tested. A great advantage of performing both the M. avium and the M. tuberculosis PCRs is the ultimate differential diagnosis of these two infections in humans and animals in only 2 days.
